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and the parent or guardian provided informed consent for the child's participation. Consecutive children who fulfilled inclusion criteria were enrolled. Seventy-two children with S-ECC had extensive lesions in the primary dentition, no previous dental care, and were scheduled for restorative treatment under general anesthesia. Thirty-nine caries-free children had no caries (including white-spot) lesions or restorations. The study design, protocol, and informed consent were approved by the Institutional Review Boards of the participating institutions.
Survey Information, Clinical Examination, and bacterial Sampling
Parents or caregivers completed surveys at the baseline measurement visit. Surveys included child demographics, beverage consumption, and a 24-hour diet recall of the previous, or a typical, day of the child's eating and drinking. The diet recall form was marked in hours to capture times of food and beverage consumption. Diet information was obtained with the assistance of clinicians trained to elicit information using non-directive interviewing approaches, with a primary focus on accurate reporting of types of foods eaten and timing of eating periods.
Clinical measurements and plaque sampling were performed. Sterile toothpicks were used to collect plaque samples from the primary molars (Milgrom et al., 2000) , to include lesions in S-ECC children. Samples were collected in 100 µL 50 mM Tris-EDTA buffer (pH 7.6) and kept frozen at-70°C until microbial analysis. S-ECC children were scheduled for monitoring at 3-to 6-month intervals for 12 mos, and families were contacted monthly by phone or mail to remind them of follow-up appointments. New caries lesions detected on follow-up were recorded.
Microbial Analyses
Plaque samples were analyzed by PCR for the detection of S. mutans, S. sobrinus, and Bifidobacterium species. DNA from samples was purified with MasterPure kits (Epicenter, Madison, WI, USA). Primers and conditions were as previously described for S. mutans (Kanasi et al., 2010) , S. sobrinus (Sato et al., 2003) , and Bifidobacterium (Matsuki et al., 2004) (Appendix) . Amplicons were verified on 1% agarose gels. Data for each species were scored for each child as detected or not-detected.
Data Analysis
The study hypothesized that dietary factors would differentiate S-ECC from caries-free children and would be associated with detection of caries-associated bacteria. S-ECC children were divided into those who were lost to follow-up, or, if they completed the 12-month monitoring, children with or without new caries lesions. The baseline values of all children were compared. General characteristics of the caries-free and S-ECC children (Table 1,  Appendix Table 1 ) were compared by t test (age) and by 2 x K chisquare tests (K = #levels) for all other factors. Dietary survey data for a typical day are counts per child for number of items consumed in each of 5 food categories based on potential cariogenic risk (Papas et al., 1989) , and also for total foods and beverages. Food and beverage frequency represents the number of hourly intervals in which one or more items were consumed. Mean counts for caries-free and S-ECC children were compared by t tests. Type and usage patterns (meals, between meals) in the beverage survey yielded dichotomous values ( Fig. 1a ). Caries-free and S-ECC children were compared by 2 x 2 chi-square tests. Counts for caries-free and S-ECC children, categorized by intake periods a day, were evaluated by Mantel-Haenszel chisquare test for trends in proportions ( Fig. 1b ). Detection by caries status was evaluated for each species in 2 x 2 chi-square tests ( Fig. 2a ). Differential trends for caries-free and S-ECC children in detection of neither, one, or both species were evaluated by Mantel-Haenszel chi-square test (Fig. 2b) .
To summarize dietary cariogenicity for each child, we weighted the 5 food categories from 0 to 4 based on progressive degree of presumed cariogenicity. We calculated estimated cariogenicity for each child by obtaining a weighted sum of the number of food items for each food category and dividing by the total food and beverage items ( Table 2, Appendix Table 2 ). These weighted mean counts for estimated cariogenicity were compared by t tests between caries-free and S-ECC children, and also between children positive or negative for target species (Fig. 2c ). Associations of food consumption frequency, estimated food cariogenicity, and detection of S. mutans with caries status were evaluated in logistic models. Each risk factor was evaluated separately. Further, food consumption frequency and S. mutans detection were evaluated in two-factor models, each in combination with estimated food cariogenicity. Statistical analyses were performed with SAS and SPSS ® software.
RESulTS

Clinical and Demographic Data
There were no differences in child age, gender, race, whether the child was born in the USA, family income, or parent/guardian education between 72 S-ECC and 39 caries-free children (Table  1) . Reported daily use of fluoride-containing toothpaste also did not differ, at 85% caries-free and 87% S-ECC children, who were recruited from water-fluoridated areas. After therapy, 22 S-ECC children were lost to follow-up, mainly because families either moved or failed to return for appointments. Post-treatment measurement data were from the "12 month" appointment, the timing of which ranged from 9 to 15 mos. There were no differences in demographic characteristics of children with and without new lesions, and those lost to follow-up. S-ECC children (n = 72) had an average of 13 .6 ± 0.54 (SEM) carious teeth. More S-ECC children came from families with Medicaid insurance (p = 0.048), and with more smokers in the household (p = 0.019). Children with new lesions post-treatment were more often from families who had been in the USA for fewer than 5 yrs, and were from non-English-speaking households (p = 0.049) relative to children without new lesions (Appendix Table 1 ). Children lost to follow-up did not differ from other S-ECC children in demographic or dietary data (Appendix Tables 1, 2).
Diet Survey Data beverage Survey
More S-ECC children drank juice, particularly between meals (p = 0.007), and drank milk at mealtimes (p = 0.03) than did caries-free children (Fig. 1a ). After treatment, more children without new lesions drank milk between meals at baseline (47%) than did children with new lesions (6%) (p = 0.004) (Appendix Table  2 ). No other differences in beverage survey data were observed.
Food Frequencies
S-ECC children consumed more food and beverage items a day (p = 0.0029) ( Table  2) , and more frequently (p = 0.0002) ( Fig.  1b) , than did caries-free children. There was no difference in baseline food frequencies between children with different post-treatment outcomes (Appendix Table  2 ). More S-ECC (27%) than caries-free (3%) children reported bedtime snacks (p = 0.002), and conversely, more caries-free (84%) children reported no snacks or beverages during the night than S-ECC (56%) children (p = 0.002).
Putative Food Cariogenicity
Significant differences between caries-free and S-ECC children in consumption of liquid (cari02) (p = 0.003) and solid (cari03) (p = 0.0004) putative cariogenic foods are shown in Table 2 . There were no differences between caries-free and S-ECC children in consumption of foods categorized as caries protective, Figure 1 . Daily frequencies of beverages and foods. (a) Daily beverage consumption in caries-free and S-ECC children. Percent of children who consumed each beverage type at mealtime and between meals. Significantly more severe-ECC children drank milk at mealtimes and also drank more juice, particularly between meals. More caries-free than S-ECC children drank water. (b) Food frequencies (number of food or beverage intakes a day) in S-ECC and caries-free children. A gap equal to or greater than 1 hr on the 24-hour diet survey defined distinct meal or snack periods. The proportions of S-ECC and caries-free children differed depending on the number of food intakes (frequency) a day. There was a significant trend with S-ECC children eating more frequently, with an opposite trend for the caries-free children (p = 0.002 Mantel-Haenszel chi-square).
non-cariogenic, or low in cariogenic potential. Estimated food or beverage cariogenicity was significantly higher in S-ECC than caries-free children (p < 0.0001). Children without new lesions ate more putative caries-protective foods at baseline than children with new lesions (p = 0.05) (Appendix Table 2 ), but no other differences were observed in food survey data between these groups.
Microbiology
S. mutans (p = 0.002), S. sobrinus (p = 0.001), and Bifidobacteria (p < 0.0001) were detected more frequently in S-ECC than caries-free children (Fig. 2a ). There were no microbial differences at baseline in S-ECC children who did or did not show lesion recurrence, although data for S. mutans approached significance (p = 0.06). There were significant associations between detection of neither, one, or both mutans streptococcus species between caries-free and S-ECC children (p < 0.0001) ( Fig. 2b) and between children without and with new lesions (p < 0.045) (Appendix Fig.) . Mean putative food cariogenicity was elevated in children with S. mutans (p = 0.03), but not the other species tested (Fig. 2c) .
In logistic analyses, food intake frequency, estimated cariogenicity for each food item, and S. mutans detection with caries status at baseline were individually significant at p = 0.0098, p = 0.0002, and p = 0.0041, respectively. In a model with food frequency and estimated cariogenicity, both remained significant at p = 0.0188 and p = 0.0003, respectively (Wald chi-square p = 0.0002), suggesting that both factors were contributors to caries risk. The correlation between food frequency and estimated cariogenicity was low (Spearman rank coefficient, 0.074). In a model with estimated cariogenicity and S. mutans, both were significant at p = 0.001 and p = 0.03, respectively (Wald chi-square p = 0.0098), again suggesting that both were contributors to caries risk.
DISCuSSIOn
Severe ECC continues to be a significant concern. This disease disproportionately affects disadvantaged families, and the study population demographics of low income and high use of Medicaid insurance is consistent with the demographics of S-ECC. Higher disease recurrence in immigrants (Bankel et al., 2006) and families with smokers (Aligne et al., 2003) also fit literature reports. The challenges of recurrent lesions (Tinanoff et al., 1999; Almeida et al., 2000) and problems with obtaining follow-up data from S-ECC children have been documented (Berkowitz et al., 1997) . The current study used data from a pilot diet survey that captured food intakes from one typical day, and found significant associations between diet and S-ECC and with caries-associated bacteria, consistent with the study hypotheses.
The stronger association of between-meal juice with S-ECC, compared with mealtime juice and other beverages including milk, is consistent with research indicating that eating and drinking during meals is not a major risk factor for Bifidobacteria by PCR in caries-free and severe-ECC children. All species, particularly Bifidobacteria, were associated with severe ECC compared with caries-free children. (b) Mutans streptococci in caries-free and S-ECC children. More children without mutans streptococci were caries-free than S-ECC children, whereas children with both species detected were predominantly S-ECC children, with intermediate values for detection of only one mutans streptococcus species. This was a significant trend of more disease when both mutans streptococci were detected (p < 0.0001, Mantel-Haenszel chi-square). (c) Food cariogenicity and detection of cariogenic pathogens. Children positive for test species showed higher mean food cariogenicity scores than children negative for the species, which was significant for S. mutans.
caries (Marshall et al., 2005) . S-ECC children without new lesions drank more milk between meals than children with new lesions, consistent with suggested caries-protective properties of milk (Bowen, 1994; Grenby et al., 2001) . Food or beverage frequencies, regardless of cariogenic potential of specific foods, were independently associated with children with S-ECC, as previously observed (Arcella et al., 2002; Marshall et al., 2005) . Eating at bedtime and during the night, in particular, showed a strong association with S-ECC, with most caries-free children reporting no nighttime snacks or beverages compared with just over half (56%) of the S-ECC children, as previously reported in Swedish 2-and 3-year-old children (Bankel et al., 2006) . The association between sleep-time snacking and S-ECC suggests that these snacks are contributors to S-ECC. Analysis of the pilot 24-hour recall data showed positive associations between putative food cariogenicity and S-ECC. We adapted a coding system (Papas et al., 1989) based, in part, upon the physical properties of food items. The liquid and solid/ retentive sugars and starch/sugar combinations were each significantly associated with S-ECC, supporting previous evidence of the cariogenic potential of sweet beverages and solid sugar or starch and sugar combinations (Lingström et al., 2000) . The independent association of cariogenic diet with caries was also reported for children with ECC (Milgrom et al., 2000) . Children with new lesions had a lower intake of putative caries-protective foods at baseline than children without new lesions, consistent with controlled animal studies showing that certain foods have a cariostatic effect (Bowen, 1994) .
The bacteria tested were acidogenic and aciduric species showing strong associations with dental caries in recent studies, although other species have been associated with this infection. In the current study, S. mutans and S. sobrinus were significantly associated with S-ECC and with development of new lesions, particularly when detected together, as previously reported (Okada et al., 2005; Seki et al., 2006) . Bifidobacteria were also strongly associated with S-ECC, as previously reported by DNA probes (Aas et al., 2008) and by selective culture (Mantzourani et al., 2009) . The association between S. mutans and estimated food cariogenicity is consistent with modeling incorporating cariogenic diet items and S. mutans to explain ECC (Grindefjord et al., 1996; Garcia-Closas et al., 1997) . We are, however, unaware of other reports of independent and associated interactions among estimated food cariogenicity, food frequency, and detection of S. mutans.
The pilot open-ended diet survey allowed for capture of food frequencies in a typical day, in contrast to questionnaires that capture specific diet data at daily or weekly intervals. We recognized limitations in obtaining accurate dietary histories, since the study relied upon the parent/caregiver knowing, and being able to recall, the usual pattern of eating for the child. Further, this survey and analysis have not been tested for reliability or validity, but these promising preliminary findings suggest that this approach would benefit from further study. Other study limitations were loss to follow-up of S-ECC children, resulting in few children with lesion recurrence for analysis, and limited data about fluoride exposure. We conclude that treatment for, and prevention of, S-ECC should include attention to putative food frequency, putative cariogenicity, and suppression of cariogenic bacteria.
